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(54) Dynamic control of acquisition and tracking of the correlators in a RAKE receiver 

(57) A receiver and a method for controlling a receiv- 
er, the receiver being implemented on the RAKE princi- 
ple and comprising a number of correlators (30a-30d) 
which are able to synchronize with a received signal. To 
effectively utilize the correlators of the receiver, the op- 
eration mode of the correlators in the receiver is changed 
dynamically in the method of the invention between the 
received signal tracking and acquisition modes accord- 
ing to the need. 
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Description 

The invention relates to a method for controlling a 
receiver that is implemented on the RAKE principle and 
comprises a number of correlators which are able to syn- 
chronize with a received signal. 

A receiver operating on the RAKE principle compris- 
es several branches, and each branch can synchronize 
with a different signal component. The receiver can thus 
receive a plurality of signals simultaneously. RAKE re- 
ceivers are used especially in CDMA receivers. 

CDMA is a multiple access system based on a 
spread spectrum technique, and it has recently been put 
into use in cellular radio systems in addition to previously 
used FDMA and TDMA. CDMA has many advantages 
over the prior methods, such as simplicity of frequency 
planning, and spectrum efficiency. 

In a CDMA method, a narrow-band data signal of a 
user is multiplied to a relatively broad band by a spread- 
ing code having a much broader band than the data sig- 
nal. Band widths used in known test systems include e.g. 
1.25 MHz, 10 MHz and 25 MHz. The multiplication 
spreads the data signal over the entire band to be used. 
All the users transmit simultaneously on the same fre- 
quency band. On each connection between a base sta- 
tion and a mobile station is used a different spreading 
code, and the signals of the users can be distinguished 
from one another in the receivers on the basis of the 
spreading code of the user. If possible, the spreading 
codes are selected in such a way that they are mutually 
orthogonal, i.e. they do not correlate with one another. 

Correlators in conventionally implemented CDMA 
receivers are synchronized with a desired signal, which 
they recognize on the basis of the spreading code. In the 
receiver the data signal is restored to the original band 
by multiplying it by the same spreading code as in the 
transmission step. Ideally, the signals that have been 
multiplied by some other spreading code do not correlate 
and are not restored to the narrow band. In view of the 
desired signal, they thus appear as noise. The object is 
to detect the signal of the desired user from among a 
number of interfering signals. In practice, the spreading 
codes correlate, and the signals of the other users make 
it more difficult to detect the desired signal by distorting 
the received signal non-linearly. This interference 
caused by the other users is called multiple access in- 
terference. 

It is vital to the performance of the spread spectrum 
system that the receiver is able to synchronize with an 
incoming signal quickly and accurately. The synchroni- 
zation with the incoming signal usually takes place in two 
steps. In code phase acquisition, the aim is to find the 
desired signal in the input and determine its phase with 
the accuracy of half a chip. When this has been accom- 
plished, the phase is considered locked, and the code 
phase is then fine-adjusted with a code tracking loop, 
which maintains the phase lock. 

The code phase acquisition can be implemented on 



either the applied filter or active correlation principle. The 
former method is rapid, but it can be utilized only with 
short codes and, when implemented digitally, it requires 
much current. Active correlation is the most generally 
5 used method in CDMA systems. In active correlation, the 
code phases of a local correlator are monitored at 
half-a-chip intervals and compared with the received sig- 
nal. This is economical, but slow. The acquisition can be 
speeded by using several correlators in parallel, where- 

10 by the acquisition area can be divided into sections. The 
acquisition time is then naturally shortened. 

In earlier solutions, RAKE receivers are designed 
such that the RAKE branches have fixed modes of op- 
eration. An acquisition branch looks for signals ad- 

1 $ dressed to the receiver, and separate correlators are re- 
served for tracking and demodulation of the found sig- 
nals. Another known solution is that all correlators are 
used for acquisition in establishing a connection with the 
system, but when the desired signal has been found, the 

20 correlators have fixed modes of operation, i.e.oneortwo 
branches are used in the acquisition and the others in 
the tracking of the desired signal. 

In known solutions, the operation of the RAKE 
branches is not adaptive but either fixed or predeter- 

25 mined. The present receivers are designed to operate 
primarily in macro cells, i.e. large cells, in which the prop- 
agation delays of multipath-propagated signals are long 
and several tracking correlators are needed. In macro 
cells, there is time to look for a new base station signal, 

30 since the cells are large and a need for changeover does 
not arise unexpectedly. Micro cells, on the other hand, 
are small, often less than 500 m. A transmitter and a re- 
ceiver often have a line of sight, and so the main part of 
the energy of the signal is contained in the direct propa- 

35 gated component. There is often no need to track several 
multipath-propagated components. In the solutions of 
the prior art, the tracking correlators of the receivers are 
thus not in use. 

This is achieved in one aspect with the method de- 

40 scribed in the introduction, the method being character- 
ized in that the operation mode of the correlators in the 
receiver is changed dynamically between the received 
signal tracking and acquisition modes according to the 
need. 

45 The invention also relates in another aspect to, a re- 
ceiver that is implemented on the RAKE principle and 
comprises a number of correlators which are able to syn- 
chronize with a received signal. The receiver according 
to the invention is characterized by comprising means 

so for dynamically changing the operation mode of the cor- 
relators in the receiver between the received signal 
tracking and acquisition modes according to the need. 

The above aspects of the present invention provide 
a receiver whose correlators can be used effectively in 

55 different kinds of cells and propagation conditions while 
the number of correlators is minimized. 

The criterion for selecting the acquisition algorithm 
is usually the synchronization rate. The active correlator 
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acquisition rate is affected especially by the number of 
correlators available: with a plurality of correlators, the 
acquisition area can be divided into sections and the ac- 
quisition time can thus be shortened. All extra correlators 
naturally require space in the receiver, so their number 
must be minimized. In the method of the invention, cor- 
relators are used dynamically, whereby no extra corre- 
lators are needed but all the correlators of the receiver 
can be utilized effectively in different kinds of cells and 
propagation conditions. 

Especially in small cells the propagation conditions 
in an urban environment may change suddenly e.g. at a 
street corner. Immediately after the comer the base sta- 
tion signal is attenuated by 20 dB, and within the next 
ten meters, by another 10 dB. A quick changeover to a 
new base station is then needed before the connection 
is broken. In the method of the invention, a new base 
station signal is detected quickly since several correla- 
tors are available for acquisition. In macro cells, on the 
other hand, it is unnecessary to have several acquisition 
means available continuously, since the propagation 
conditions change more slowly. Dynamic use of correla- 
tors thus makes it possible to optimize the use and min- 
imize the number of correlators. 

In the following an embodiment of the invention will 
be described in greater detail with relerence to the ex- 
amples illustrated by the attached drawings, wherein 

Figure 1a shows a scheme illustrating the operation 
of a transmitter of a spread spectrum system, 

Figure 1 b shows a scheme illustrating the operation 
of a receiver of a spread spectrum system, 

Figures 2a and 2b illustrate the method according to 
the invention, 

Figures 3 and 4 show a block diagram of the struc- 
ture of a RAKE receiver according to the invention, 
and 

Figure 5 shows one possible structure of a RAKE 
branch according to the invention. 

Figure 1 a shows a scheme illustrating the operation 
of a typical transmitter of a spread spectrum system us- 
ing BPSK modulation and Figure 1b shows a scheme 
illustrating the operation of a corresponding receiver. A 
data modulation signal is multiplied in a multiplier 10 by 
carrier cos^t). Let the bit (chip) duration of the spread- 
ing code be When the signal is multiplied in a multi- 
plier 1 1 by spreading code c(t). which has a much higher 
frequency than the information signal the spectrum of 
the signal to be transmitted spreads over band 1/T C . In 
the channel the signal is delayed, so the received signal 
is of the form 

a(k) * c(t-/)cos(<Qot), 
wherein 



a(k) = binary data (± 1) 

c(t) = time-continuous spreading code 

= angle frequency of carrier 
/= propagation delay. 
5 The receiver comprises two multipliers 12 and 13 
and a filter 14. In order that it migfit be possible to reas- 
semble the received signal as a narrowband signal, the 
receiver must thus have the same spreading code as the 
transmitter, and the code must also be cophasal. During 
10 the reception, the function is thus to estimate the propa- 
gation delay /. The information signal is obtained by mul- 
tiplying the received signal by a punctual spreading code 
in accordance with the formula 

fS a(k)*c(t-/)c(t-0cos((o 0 t), 

wherein / = estimate of propagation delay. 

If the spreading code generated by the receiver is 
punctual, the assembled signal is a(k)cos(a^t), which is 
the same as the original carrier-and data -modulated sig- 
20 nal. If the phase of the spreading code generated in the. 
receiver differs e.g. by 0.5 chips, the performance of the 
receiver when BPSK is used is impaired by 6 dB. It is 
thus essential that the phase is detected quickly and ac- 
curately. 

25 The basic idea of the method according to the inven- 
tion is described in figures 2a and 2b. The figures show 
a 4-branch RAKE receiver. In Figure 2a, one branch 20a 
of the receiver functions as an acquisition branch and 
other branches 21a-23a as receiver branches, each re- 

30 ceiver branch tracking and demodulating a different mul- 
tipath-propagated signal component. Advantageously, 
these components can be combined in the receiver, 
whereby diversity gain is achieved. This is the normal 
situation in a macro cell environment. Not all the branch- 
es es can be assigned as receiver branches, since the re- 
ceiver must always have at least one acquisition branch 
measuring impulse response and monitoring transmis- 
sions and possible multipath-propagated signal compo- 
nents from the neighbouring base stations. 

40 Figure 2b illustrates a situation where there are no 
multipath-propagated components, or they cannot be 
detected, whereby some of the receiver branches in a 
conventional RAKE receiver are not in use. In the meth- 
od of the invention, these free correlators can be utilized 

^5 effectively by using them for acquisition. In Figure 2b, 
correlator branches 20b-22b are assigned to function as 
acquisition branches, and branch 23b functions as a re- 
ceiver branch that tracks and demodulates the received 
signal component. 

so . Figure 3 is a block diagram showing part of the struc- 
ture of a RAKE receiver according to the invention. In the 
example, the receiver comprises four correlator branch- 
es 30a-30b, a diversity combiner 31, which advanta- 
geously combines the signals demodulated from differ- 

55 ent receiver branches, and control logic 32. The control 
logic 32 controls the branches and the diversity combin- 
er. In the example, all the branches of the receiver can 
function as either acquisition or receiver branches. It is 
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also possible to design a receiver in which some of the 
branches are permanently assigned as acquisition or re- 
ceiver branches, while others have twolunctions. 

The control logic knows the activity of and signal re- 
ceived by each branch. In a macro cell, one of the 
branches, e.g. 30a : typically functions as an acquisition 
branch and measures impulse response, whose peaks 
indicate different multipath signal components with 
which the other branches can synchronize under control 
of the logic 32. If the impulse response changes such 
that the number of peaks : i.e. detectable signal compo- 
nents, is reduced and the signal received by one of the 
receiver branches is attenuated so that it is no longer 
worth tracking, the control logic may assign the now free 
branch, e.g. branch 30d : as an acquisition branch. The 
control logic phases the acquisition branches 30a and 
30d such that the lime needed for measuring the impulse 
response can be minimized. 

When an acquisition branch has found a signal com- 
ponent at either the current or a new base station, the 
logic 32 may assign a receiver branch to synchronize 
with the signal concerned. The logic may also assign the 
acquisition branch that detected the signal to receive and 
demodulate the signal component concerned. 

Figure 4 illustrates the phasing of a plurality of ac- 
quisition branches such that the time needed for meas- 
uring the impulse response can be minimized. Figure 4 
shows a RAKE receiver in which three branches 40a-40c 
are assigned as acquisition branches. The branches re- 
ceive an input of a received signal 41 . The receiver also 
comprises means 42 for generating a spreading code 
characteristic of the connection. The spreading code is 
supplied to a delay line 43, from which it is supplied, de- 
layed, to correlators in such a way that each correlator 
receives a spreading code delayed in a different manner. 
In each correlator the received signal is multiplied by a 
spreading code having a different phase. The code 
space can thus be monitored three times as quickly as 
by using one correlator. 

Figure 5 shows in greater detail the structure of one 
RAKE branch of a receiver according to the invention 
when BPSK modulation and a conventional early/late 
code tracking loop are used. The figure shows only those 
parts of the RAKE branch which are essential to acqui- 
sition and tracking of code synchronization and to the 
assembly ol a spectrum. The branch also comprises oth- 
er blocks, such as estimation of a complex multiplier for 
a multipath-propagated signal, but they are not shown in 
the figure, since they are not essential to the present in- 
vention. 

A RAKE branch may comprise several correlators; 
in a conventional receiver branch, some of these are 
used for tracking a code and others for assembling a sig- 
nal. The RAKE branch of Figure 5 comprises six corre- 
lators; four of which are located in a code tracking block 
57 and two in signal assembly block 66. In addition to 
correlators, the branch also comprises a spread spec- 
trum generator 61 , a voltage-controlled oscillator 60, and 



a loop filter 58. 

When the branch is used as a receiver branch, the 
input of the code tracking block comprises real and im- 
aginary components 67 and 6B of the received signal, 

5 and both late and early code phases 76 and 77 from the 
code generator 61 . Each correlator 50a-50d comprises 
multipliers 51a-51d in which the received signal is mul- 
tiplied by a signal obtained from the code generator, fil- 
ters 52a-52d and squaring means 53a-53d. The corre- 

10 lated I and Q signals are added in adders 54 and 55 re- 
spectively, and the signal obtained is added in adder 56; 
the signal obtained is then filtered in a loop filter 58 and 
supplied further to control the voltage-controlled oscilla- 
tor 60, which controls the code generator 61. 

15 A signal is assembled using a punctual code 78 ob- 
tained from the code generator 61 , the code being sup- 
plied to multipliers 62 and 63, in which the real and im- 
aginary components 67 and 66 of the received signal are 
multiplied. The assembled signal is obtained at outputs 

20 71 and 72 of filters 64 and 65. 

When a RAKE branch is used for acquisition, there 
are six correlators available. In the acquisition mode, the 
code generator 61 is controlled by two control outputs 
69 and 70, one of which is used for modifying the code 

25 phase and the other for modifying the early/late differ- 
ence. When the branch is used as a receiver branch, the 
phase difference between the early and late signals is 
usually one chip, i.e. the punctual early/late difference is 
half a chip. In acquisition, however, the punctual ear- 

30 |y/late difference needed is one chip, and so the differ- 
ence between the early and late signals is 2 chips. In one 
correlation round, it is thus possible to compute three 
correlations at 1 -chip intervals in each RAKE branch. In 
the next correlation round, the phase of the code gener- 

35 ator has to be shifted by three chips, after which corre- 
lations are computed for the phase-shifted code. In the 
acquisition mode, the voltage-controlled oscillator 60 
can be controlled by means of a signal 73 by setting the 
clock frequency of the local code generator 61 incorrectly 

40 on purpose. The acquisition can then be carried out on 
a so-called sliding correlation principle. In sliding corre- 
lation, all code phases are monitored by sliding the 
phase of the code generator 61 . A switch 59 and the en- 
tire branch can be controlled by the control unit 32, as 

45 shown in Figure 3. In the acquisition mode, outputs 75 
of the correlators 50a-50d of the tracking block 57 are 
found between the filters 52a-52d and the squaring 
means 53a-53d. 

The RAKE branch shown in Figure 5 can be easily 

50 implemented by using in the receiver e.g. a signal 
processing processor that is responsible for the acquisi- 
tion and tracking mode controls 69 and 70 of the code 
generator. 

Although the invention is described above with ref- 
55 erence to the example illustrated by the attached draw- 
ings, it is to be understood that the invention is not limited 
thereto but can be modified in many ways within the in- 
ventive idea disclosed in the attached claims. 
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Clalme 

1. A method for controlling a receiver that is imple- 
mented on the RAKE principle and comprises a 
number of correlators (50a-50d) which are able to 5 
synchronize with a received signal, characterized 

in that the mode of operation of the correlators in the 
receiver is changed dynamically between the 
received signal tracking and acquisition modes 
according to the need. 10 

2. The method according to claim 1 , characterized in 
that the operation mode of the correlators (50a-50d) 
in the receiver is changed on the basis of the impulse 
response of the received signal. is 

3. The method according to claim 1 , characterized in 
that the operation mode of the receiver branches 
(30a-30d) implemented by correlators in the 
receiver is changed dynamically between the 20 
received signal tracking and acquisition modes. 

4. The method according to claim 1 , characterized in 
that the correlators used for acquisition are phased 
such that each correlator used looks for signals with 25 
a different phase. 

5. A receiver that is implemented on the RAKE princi- 
ple and comprises a number of correlators 
(50a- 50d) which are able to synchronize with a 
received signal, characterized by comprising 
means (32) for dynamically changing the operation 
mode of the correlators in the receiver between the 
received signal tracking and acquisition modes 
according to the need. 

6. The receiver according to claim 5, characterized 
by comprising a number of receiver branches 
(30a-30d) implemented by correlators, and means 
(32) for dynamically changing the operation mode of *o 
the receiver branches between the received signal 
tracking and acquisition modes. 

7. The receiver according to claim 5, characterized 

by comprising means (32) for phasing the correla- *5 
tors used for acquisition in such a way that each cor- 
relator looks for signals with a different phase. 
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